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Intelligent Microsystems:
Strategy for the Future

Combining intricate mechanical and electrical lunctions
on one subsirate requires special processing,
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he next deeade will see a revolution in the elee-

teanics industry in which the funetienality of
inbegrated sireuita (I0s) grows bievond the tradi-
tional role of processing and storing data and eon-
tralling eleetrical funetions, Intelligent microsys-
tems will allow complex systems-on-a-chip to
direatly interact with their environment by SEALING,
actuating and communicating without the need for
oxlernal hardware,

The inbegrration of mechunienl Minctions with elee-
trical funetions iz required to realize intelligent
micrasvatems. The activity in the ares of micro-
glectromechanical aystems (MEMS) has, for the
mogl part, concentrated on realizing mechanical
functions using semiconductor manufaciuring tech-
nolagy. Bome sueeess has been made integrating
thasze deviees with cirenitry on the ehip.

One axample of a MEME svetem is shown in Fig-
wre 1. 1L i5 a microscopic set of mechanical gears,
transmissions, engines, hinges and a linear track
made in a conventional 1C foundry using conven-
tional semiesndoctor manufacturing techniques
and equipment., MEMS devices are generally sens-
ingr elements, or actusting systems like this one.

1. This sysiem conitains microscopic mechanical
conponents such oy pransmissions, pengines,

Market drivers

At A Glance . . .

The obyvious advantage of
an integrated system iz

pikinges wnd a linear pdrack. The transmissions
shown pravide a 12:1 speed reduction and are

f‘;g?:n%";m: Ht{km;tEﬂlng size, but the real driver will 230 pm across,
be cost. Numerous elec- -
:Hﬂﬁmﬁaul%;?}h:fﬂﬁi tronie devices such ag per-  systems based on semiconductor procesging begun

gemsnrs and actuators to
be realized. Snecess in

gonal computers and ealin-
lar phones have gained cost
advantigres from integrat-

b crnerge in the 19708 with the intreduetion of the
bulk micramachined pressurs sensor Today, these
pressre Bensors see applications as diverse as in-
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IO !Jl'-fdirectlif RY plished in a cost-effective  (suppliers va. end-users), they all project growth
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!' BT The market for micro-  year 200

www, semicondueciarnel

APRIL 1998

SERMICONDAUCTOR INTERRATICNALSRS



Intelligent Microsystems: Strategy for the Future

2. A Jocused ion beam cross sechion of a
set of coupled pears built in Saondia's
SUMMIT-V process,

Technalagy leverage

Although there are a variety of tech-
nologies that fall under the umbralla
of micrpgystems, the vast majerity
depends on lithography and etching
from the semiconductar industey.
Some teehnologies, such as polysilicon
surface micromachining ol intagra-
tien of mechanica with electronios,
draw their technigues almest entirely
from semieondeetor processing, Olher
techniques such az LIGA (a German
aeranym for lithegraphy, clestroform-
ing and injection molding) leverage
only lithography from the semicon-

ductar world.

some eommersial davices, such us
the ADXL series of aceelerometars
from Analog Devices (ADI) and the
Digital Micromirrer Device from
Texas Instruments (T1), draw their
manufacturing techniques almost
entirely from the semiconductor area.
The primary goal in prodocing eom-
mercial devices like these s mot to
manufacture  small  integrated
devices, but to manufaeture inexpen-
sivie, small integrated deviess,

ADPs aeeclergneters e AN egam-
pla of a manufacturing technalogy
that produces saphisticated sensing
devieas that are competitive in the
highly cost-conseiance automotive
industry. Though zealing to full pro-
ditetion taxes a production line sweh as
ADIMe, the MEMS devices have been
suceasainl enough for ADD Lo pursie
nexb-genaration devices, licensing
madular integration process devel-
apeed at Sandia National Laboralories.

Relinbility

Althvugh cosl may be a dominant dri-
ver, reliability is of prime coneern and
i vlosely ralated to the mannfacturing
praocesa, The semieondeetor industey
has demanstrated that integration
onto & single chip aignificantly

improves reliability, A monolithically
integrated MEMS/CMOE product,
TI's DMD, exemplifies this second
important trait of samiconduetor man-
ufacturing, For DM diaplay applica-
Lion, a few or even one pixel of several
millien can easily be discerned by the
human eye. Therelore, near-perfeet
performanes of all the mirrers for the
lifetime of Lhe: preedoet is necessary.

As the sophistieation of mechanical
compaenents being built in MEMS
technologie: increases, a need for
additional desipgn flexibility and an
increased number of structaval layers
is generated. Sandia hag developed o
five-layer polyvsilicon surface micro-
machining process (SUMMIT-V) Lo
address this need. A focused jon beam
(F1E) cross section of two conpled
gears on a moaving plate built in the
BUMMIT-V process {5 shown in Fig-
ure 2. A wider view of the devies that
uses those pears along with other
mechanical companents iz shown in
Figure 1. For referance, the transmis-
zipns shown in this fgoree provide a
12-1 apesd reduoetion and sre 250 wm
ACEOES,

Integrating MEMS and CMO5
The integratien of mechanical and
cleetrical functions presenks some

Subsurface Embedded MEMS Integrated Technology

Ca0S device ans

Paly 2

Micromechanical device area

PE nilricls
BPSE 1

3. An embedded micromechanics approach builds MEMS devices in trenches firse, buries them for CMOS device processing
amd then releases them to praluce the final sysiem,
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interesting challenges, A recent
review paper” noted that microme-
chanieal structures require long, high-
temperature annesls to ensure com-
plete relaxation of stress. CMOS
technology requires very plansr sur-
faces to suecesaiully perform the nee-
egsary lithography, If the microme-
chanical steps are performed first,
suhstrate p]urlarily e eacrifioad. I tha
CMOE iz built fivst, it must withstand
h igh-1 ernperature annenls.

One approach is to perform the
CMOS fabrication fisst, uging tung-
sten instead of aluminum for intercen-
negiian, The tangsten can withstand
the subsequent anneals, but szues of
aidliesion and silicide formation have
yet to he answered.? Another ap-
proach iz & micromechanies-first
mesthod developed at Sandia.® The
micromechanical deviees are fabreat-
ad ina trench etehed on the aurface of
the wafer (Fig, 31 After the devieas
are finighed, the trench is filled with
pxide, planarized vsing chemical-
mechanical polishing (CMFP) and
sepled with a nitrlde membrane. Con-
ventional CMOS processing i then
performed. Additional steps are per-
formed ot the end Lo expose and
releaze the micromechanical devices,

Adapting 1o micresysicm mannfacinre
Far semiconductor equipment and
material suppliers to adapt Lo the
neads of microsyatem manufacturing,
their main differences must be
aildrazsed. Microsystem manutacetur-
ing requires greater flm thicknessaz,
agpect ratios and topography (Table
11, MEMZ film thicknesses, etch
aspect ratios snd the resulling Lopeg-
raphy are all greater than those cur-
rently found in IC manafaeturing. The
averall dimenzion of a MIMS compa-
nint ean bee WE) pmoor lavger, com-
pared to the ~1 pm linear dimenzion
of todays micraelectronic devices.

The film thickness of MEMS and
the resulting topography generate
special necds Tor manelaeturving
equipment in the areas of film deposi-
tion, lithogeaphy, etehing and pla-
narization. Deposition equipment. and
procesges must be able to accommo-
date the inereased flm Lhicknesses
withaut excessive downtime for muin-
tensnee and cleaning. A single MEMS
depoaition can be equivalent to 10
depesitions for an [T precess in Cerms
of rmaintenanee requirements.

These thicker filrns st alse be rel-
atively low in stress amd stress pradi-
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Table 1. Comparison of Typical

IC and MEMS Device

Characteristics

AFHIL 1880

ICz MEMS
Fiimn thickness (i =1 28
Crtical dimension jump 0,35 1
Azpect e 21 Ll
Topography' (jum) =1 4-10
Devica siza jwm) 1 100

Iy exide or photoresist, Lo fres the
maving mechanical strnetures,
Eqguipment for this removal and
the subzequent handling of the
rleazed MEME structures have
unique requirements, Several
technigues at the “lahoratory”
level have been investigated and
will provide potential eguipment
murkets for vendors,

The izsues related to relenss wnd
paekaging may be the larpest com-
mercial barrier to new MEMS

enl Lo prevent film delamination, film
cracking, dimensionsl changes and
curling of the final MEMS structures,
The 1C industry is very goad at moni-
toring film properties of importancs
ta the electrieal perfrrmanes of com-
pleted cireuits, but manufaeloring
processes naed for MEMS require the
monitering of mechanieal proparties
a5 well.

Stop coverage is an jssue, as well as
keyhole formation during the fill af
high-aspect ratio trenches. MEMS
prezent special challenges for lithog-
raphy in terms of depth of focus, con-
trol of the focal plane and phetoresist
coating and removal. Water bBow
indueed from Le strezses of the thick-
er films used for MIEME can croste
lithopraphy problems, as well as prob-
lems with rebotic wafer handling
G prEnt.

Dry etehing equipment and process
for MEMS fabrication must deliver
inereased mask and stopping laver
selectivity, increaszed otch rates and
highaspeet vatio trenches. The elimi-
nation of stringers near Lopographical
features is alzo an important consider-
ation for cbehing equipment. The wee
of planarization techniques such as
CAMP, spin-an-glags, depostionseteh-
hack processes and donkble loeal oxida.
tion of silicon (LOCOS) can help elim-
inate many of the Lopographical
requirements of MEME, along with a
relaxation of processing equipment
requirements. CMP has proved to be
particularly effective at increasing
the manufacturability of MEMS
devices in eonventional 1O processing
aquipmnt,

Release and paclaging

The final area of equipment develop-
ment for MEME devices is in the
releaze and packsging of the MEMS
components. The last atep in most
MEME muanufacturing provesses is
the rereoval of a aacrificial film, vsul-

www, semiconductor.net

produets. The tool gat and process-
es used in the manufacturing of
MEMS are clozaly matched to 1O man-
ufacturing, but the release and pack-
aging techniques are not able to
achicve Lhis sgme high degres of
leverage. Commercinl suceesses of
monalithically integrated MEMES
deviees to date have been able 1o
leverage packaging techniques for
ponventionad 10 or optical deviess to
some extent, but have required exten-
sive madilfeation,

Sltmm:r].'

The rapidly growing fcld of micresys
tems in general and in MEMS specifi-
cally offers sipnificant advantages
over conventional products in the
arcas of eost, volume, weight and reli-
ability. Existing cquipment and
prneeases for deposition, lithography,
etching and planarization ean be
leweraged to meest the nesds of this
rapidly emerging fOeld. Entirely new
equipment and techniques, theugh,
are required for the releaze and pack-
aging of MEMS components, Further
information about microzystems,
MEMS and links to other MEMZ
researeh program web pages oun be
found at Sandia’s Micromachine web
zite at www.mdleandingovMivrama-
chine. =
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